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(54) Radiation detector 

(57) A radiation detector has a plurality of charge 
conversion elements which are laid out in a matrix and 
convert incoming radiation into charges, a plurality of 
capacitors for storing the charges generated by the 
charge conversion elements, and charge read elements 
for reading the charges stored in the capacitors. Signals 
other than signals originated to charges stored in the 
capacitors, which are produced upon, e.g., turning 
on/off the charge read elements are canceled by adjust- 
ment means, thus improving the S/N ratio. 



_,2 



21- 



22 



^36# 


|T4 

1i 






1? 




11! 


1? 




!! a 


1? 

T— ' 
I 


-"i 7 :. ? i 
.._?..r : 



23a 
23 



LINE DIRECTION 

jh 

'DIRECTION 




FT 



MULTIPLEXER 



FIG. 4 



Q. 

UJ 



Printed by Xerox (UK) Business Sendees 
2.16.7 (HRSV3.6 



EP 1 067 606 A2 



Description 

[0001 ] The present invention relates to a radiation detector using a thin-film transistor (TFT) as a read switching ele- 
ment. 

5 [0002] A radiation detector that uses a TFT as a switching element for each pixel is formed by repeating processes 
for forming a thin film on one surface of a glass substrate, patterning the thin film by etching, forming another thin film 
to overlap the etched pattern, and patterning the latter thin film. 

[0003] FIG. 1 shows the arrangement of a conventional radiation detector. The radiation detector has a plurality of 
pixels arrayed in a matrix. Each pixel 203 is constructed by a photoelectric conversion element 102 which can directly 
w convert incoming radiation (e.g., X-rays) into a charge and is formed of selenium, a capacitor 1 03 for storing the gener- 
ated charge, and a signal read TFT 1 01 . A charge stored in the capacitor 1 03 of each pixel is read to an integrating cir- 
cuit 1 12 via the TFT 101 and a signal line 105. 

[0004] As shown in FIG. 2, a gate driver 1 08 turns on/off each TFT 1 01 by changing the potential on a vertical select 
line 1 06. Upon switching the TFT 1 01 between ON and OFF, an offset voltage AVout is generated by the TFT 1 01 . The 
is offset voltage AVout is given by: 

AVout = (Cgs/Cout) x (Von - Voff) 

where Cgs is the effective capacitance between the gate of the TFT 1 01 and the signal line 1 05, Von is the ON voltage 
20 of the TFT 1 01 , Voff is the OFF voltage of the TFT 1 01 , and Cout is the capacitance of a capacitor 1 1 0 of an integrating 
circuit 1 12, as shown in FIG. 3. 

[0005] More specifically, when Cout is small, AVout increases. Especially, when the radiation detector is used in x- 
ray fluoroscopy, the integrating circuit 112 uses a capacitor 1 1 0 having a small capacitance Cout due to a weak detec- 
tion signal, and the signal voltage must therefore be amplified. The offset voltage AVout is also amplified considerably 
25 together with the signal voltage. The amplified offset voltage AVout practically narrows down the dynamic range of the 
integrating circuit 1 1 2. Also, the amplified offset voltage AVout saturates the integrating circuit 1 1 2. These factors cause 
an S/N ratio drop. 

[0006] It is an object of the present invention to improve the S/N ratio of a radiation detector. 
[0007] The radiation detector comprises a plurality of charge conversion elements which are laid out in a matrix and 
30 convert incoming radiation into charges, a plurality of capacitors for storing the charges generated by the charge con- 
version elements, and charge read elements for reading the charges stored in the capacitors. Signals other than signals 
originated to charges stored in the capacitors, which are produced upon, e.g., turning on/off the charge read elements 
are canceled by adjustment means, thus improving the S/N ratio. 

[0008] This summary of the invention does not necessarily describe all necessary features so that the invention 
35 may also be a sub-combination of these described features. 

[0009] The invention can be more fully understood from the following detailed description when taken in conjunction 
with the accompanying drawings, in which: 

FIG. 1 is a circuit diagram showing the arrangement of a conventional radiation detector; 
40 FIG. 2 is a timing chart for explaining the operation of the conventional detector; 

FIG. 3 is an equivalent circuit diagram of a pixel of an integrating circuit of the conventional detector; 

FIG. 4 is a circuit diagram showing the arrangement of a radiation detector according to the first embodiment of the 

present invention; 

FIG. 5 is a timing chart for explaining the operation of the first embodiment; 
45 FIG. 6 is a timing chart showing the output signal of an integrating circuit shown in FIG. 4; 

FIG. 7 is an equivalent circuit diagram of a pixel, dummy pixel, and integrating circuit shown in FIG. 4; 
FIG. 8 is a timing chart for explaining the operation according to the second embodiment of the present invention; 
FIG. 9 is a circuit diagram showing the arrangement of a radiation detector according to the third embodiment of 
the present invention; 

so FIG. 1 0 is a timing chart for explaining the operation of the third embodiment; 

FIG. 1 1 is a timing chart for explaining the operation according to the fourth embodiment of the present invention; 

FIG. 12 is a timing chart for explaining the operation according to the fifth embodiment of the present invention; 

FIGS. 13A to 13D show variations of the dummy pixel shown in FIG. 4; 

FIG. 1 4 is a schematic plan view of a pixel array of the first to fifth embodiments; 
55 FIGS. 1 5 to 1 9 show variations of a pixel array section according to the sixth embodiment of the present invention; 

FIGS. 20A to 20D show variations of a dummy pixel shown in FIGS. 14 to 19; 

FIG. 21 is a graph showing the allowance of the dummy pixel with respect to the output error in the sixth embodi- 
ment; 



2 



EP 1 067 606 A2 



FIG. 22 is a graph for explaining the operation according to the seventh embodiment of the present invention; 
FIG. 23 is a graph showing an appropriate range of a gate signal with respect to a TFT of a dummy pixel in the 
eighth embodiment of the present invention; 

FIG. 24 is a circuit diagram showing the arrangement of a radiation detector according to the ninth embodiment of 
5 the present invention; 

FIG. 25 is a timing chart for explaining the operation of the ninth embodiment; 

FIG. 26 is a timing chart for explaining the sampling operation of the output signal from the integrating circuit in the 
first to ninth embodiments; 

FIG. 27A is a diagram showing the arrangement of a radiation detector according to the 10th embodiment of the 
w present invention; 

FIG. 27B is a timing chart showing the gate signal supplied from a gate driver to a TFT of a dummy pixel under the 
control of a controller shown in FIG. 27A; 

FIGS. 28A to 28C show modifications of the integrating Circuit in the first to 1 0th embodiment; and 
FIG. 29 is a diagram showing the arrangement of a radiation diagnosis apparatus that mounts the radiation detector 
75 of one of the first to 1 0th embodiments. 

[0010] The present invention will be described in detail hereinafter by way of its preferred embodiments. 

First Embodiment 

20 

[0011] FIG. 4 is a circuit diagram showing the arrangement of a radiation detector according to the first embodiment 
of the present invention. As shown in FIG. 4, the radiation detector of the first embodiment comprises an X-ray detection 
section 1 for detecting incoming radiation, e.g., X-rays, and a read circuit section 2 for reading a signal corresponding 
to the X-ray intensity detected by the X-ray detection section 1 . 
25 [0012] The X-ray detection section 1 has a plurality of pixels 1 which are disposed in a two-dimensional matrix, sig- 
nal lines 4 for reading signals from the pixels 3, vertical select lines 5 for selecting pixels 3 from which signals are to be 
read, an adjustment block 6 for adjusting signals output from the pixels 3 to reduce an offset in an integrating circuit (to 
be described later), and an adjustment block control line 7. 

[0013] Each pixel 3 is constructed by a photoelectric conversion element 31 for converting incoming radiation into 
30 a charge in an amount corresponding to its intensity, a capacitor 32 for storing the charge generated by the photoelec- 
tric conversion element 31 , and a thin-film transistor (to be referred to as a read TFT hereinafter) 33 for reading a signal. 
[0014] As the photoelectric conversion element 31, selenium that directly converts X-rays into a charge is used. 
One terminal of the capacitor 32 is connected to ground. A terminal 31a of the photoelectric conversion element 31 is 
maintained at a predetermined potential. 
35 [0015] The element 31 may be a type that indirectly converts X-rays into a charge. In this case, the element 31 has 
a scintillator converting X-rays into light and a photodiode converting the light into a charge. 

[0016] The adjustment block 6 consists of a plurality of dummy pixels 9. The plurality of dummy pixels 9 are respec- 
tively connected to the plurality of signal lines 4. Each dummy pixel 9 is constructed by an adjustment thin-film transistor 
(to be referred to as an adjustment TFT hereinafter) 61 and capacitor 62. In each dummy pixel 9, unlike the pixel 3 no 

40 photoelectric conversion element is present or a photoelectric conversion element, if present, is not electrically con- 
nected to the adjustment TFT 61. For this reason, each dummy pixel 9 generates only an offset upon switching of the 
TFT without generating any signal charge. The plurality of adjustment TFTs 61 are commonly connected to the control 
line 7. The adjustment TFTs 61 are formed together with the read TFTs 33 by the same process as the read TFTs 33, 
and the capacitors 62 are formed together with the capacitors 32 for storing signal charges by the same process as the 

45 capacitors 32. As a result, the adjustment TFTs 61 have approximately the same characteristics as the read TFTs 33. 
Also, the capacitors 62 have approximately the same capacitance as the capacitors 32 for storing signal charges. 
[001 7] The read circuit section 2 has a gate driver 21 for selectively applying a voltage to the vertical select lines 5 
to simultaneously turn on/off the plurality of read TFTs 33, a gate driver 22 for applying a voltage to the control lines 7 
to simultaneously turn on/off the plurality of adjustment TFTs 61 , integrating circuits 23 for integrating charges read via 

so the read TFTs 33, a multiplexer 24 for sequentially selecting signals amplified by the integrating circuits 23, and a con- 
troller 25 for controlling the respective building components such as the gate drivers 21 and 22, multiplexer 24, and the 
like of the read circuit section 2. Each integrating circuit 23 has an amplifier 23a for amplifying a signal read via the read 
TFT 33, and an integrating capacitor 23b. 

[001 8] The controller 25 controls the gate driver 21 to selectively apply an ON voltage to the vertical select lines 5. 
55 Read TFTs 33 connected to a vertical select line 5 which is applied with the ON voltage are simultaneously turned on. 
When read TFTs 33 are ON, signal charges stored in corresponding capacitors 32 are read onto corresponding signal 
lines 4. The controller 25 controls the gate driver 21 to selectively apply an OFF voltage to the vertical select lines 5. 
Read TFTs 33 connected to a vertical select line 5 which is applied with the OFF voltage are simultaneously turned off. 
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When read TFTs 33 are turned off, the read of signal charges from the capacitors 32 stops. 

[0019] As shown in FIG. 5, the controller 25 controls the gate driver 22 so that the adjustment TFTs 61 are turned 
on/off 1 80° out of phase with the read TFTs 33. That is, when the ON voltage is applied to a given vertical select line 5; 
the OFF voltage is applied to the control line 7 in synchronism with that ON voltage; when the OFF voltage Is applied 
5 to a given vertical select line 5, the ON voltage is applied to the control line 7 in synchronism with that OFF voltage. 
[0020] The controller 25 supplies a reset signal to a reset control line 8 during a period other than a period including 
the OFF period of the adjustment TFTs 61 , thus resetting the integrating circuits 23. 
[0021] The operation of the radiation detector will be described below. 

[0022] As shown in FIG. 5, the gate driver 21 switches the voltages of control signals a1 , a2, a3, a4, ... respectively 
10 corresponding to the plurality of vertical select line 5 to an ON voltage in turn. With this control, the read TFTs 33 are 
sequentially turned on in units of lines. On the other hand, the gate driver 22 switches the voltage of a control signal b1 
of the control line 7 to an OFF voltage in synchronism with the voltage switching timings of the control signals a1 , a2, 
a3, a4, .... Note that the amplitude of the control signal b1 is set to be substantially equivalent to that of the control signal 
a1 (a2, a3, a4). 

is [0023] As shown in FIG. 6, the gate driver 22 applies an OFF voltage to the adjustment block control line 7 con- 
nected to the gates of the adjustment TFTs 61 to turn them off under the control of the controller 25. 
[0024] At substantially the same time, the gate driver 21 applies an ON voltage to the first vertical select line 5 to 
turn on the read TFTs 33 of the pixels 3 connected to that vertical select line 5. As a result, charges stored in the capac- 
itors 32 of the individual pixels 3 are supplied onto the signal lines 4 via the read TFTs 33, and are read by the integrat- 

20 ing circuits 23. 

[0025] After an elapse of a predetermined read time, the gate driver 21 switches, e.g., the control signal a1 to an 
OFF voltage and, at substantially the same time, the gate driver 22 applies an ON voltage as the control signal b1 to 
turn on the adjustment TFTs 61 . 

[0026] The controller 25 supplies a reset signal d to the reset control line 8 to reset the integrating circuits 23 dur- 
25 ing periods before and after the predetermined read time. 

[0027] On the other hand, capacitances expressed by capacitors 91 and 92 as an electrically equivalent circuit are 
respectively formed between the gate of each read TFT 33 and the signal line 4, and between the gate of each adjust- 
ment TFT 61 and the signal line 4, as shown in FIG. 7. 

[0028] When capacitances Cgs and Cgs - sub of these capacitors 91 and 92 are equal to each other, a gate ON 
30 voltage Von and gate OFF voltage Voff applied to the gate of each read TFT 33 become equal to a gate ON voltage 
Von • sub and gate OFF voltage Voff • sub applied to the gate of each adjustment TFT 61 . That is, the gate ON voltage 
Von and gate OFF voltage Voff are respectively given by: 



35 



Von = Von •sub 
Voff = Voff* sub 



(2) 
(3) 



[0029] Alternatively, these sets of gate ON and OFF voltages may have equal differences. In this case, we have: 



40 Von - Voff = Von- sub = Voff • sub (4) 

[0030] As shown in FIG. 6, an output waveform d1 from each integrating amplifier 23a drops by an offset 
AVout »sub across the adjustment TFT 61 , since the adjustment TFT 61 is disconnected from the signal line 4 when the 
control signal b1 changes from ON to OFF. 
45 [0031 ] Immediately after this, when, for example, the control signal a1 changes from ON to OFF, each read TFT 33 
is connected to the signal line 4, and the output waveform d1 rises by an offset AVout across that read TFT 33, which 
is substantially equal to the offset AVout • sub, and further rises by a detection signal Vout in accordance with a prede- 
termined time constant 

[0032] In this case, the offset AVout is determined by the capacitance Cgs of the capacitor 91 shown in FIG. 7, the 
so gate voltage difference (Von - Voff), and a capacitance Cout of the integrating capacitor 23b of the integrating circuit 23, 
and is given by: 



AVo ut = Cgs (Vo n - Voff) /Cout (5) 

55 [0033] When a charge is read by each integrating circuit 23, the control signal a1 is switched to an OFF voltage, the 
read TFT 33 is disconnected from the signal line 4, and the output waveform d1 drops by the offset AVout accordingly. 
[0034] Immediately after this, when the control signal b1 changes from OFF to ON, each adjustment TFT 61 is con- 
nected to the signal line 4, the output waveform d1 rises by the offset AVout • sub, and the controller 25 then supplies a 
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reset signal c1 to the reset control line 8 to reset the output waveform d1 to zero level. 

[0035] Note that the offset AVout • sub in the adjustment TFT 61 is determined by the capacitance Cgs • sub of the 
capacitor 92 shown in FIG. 7, the gate voltage difference (Von • sub - Voff • sub), and the capacitance Cout of the inte- 
grating capacitor 23b of the integrating circuit 23, and is given by: 

5 

AVout • sub = Cgs • sub (Von • sub - Voff • sub) /Cout (6) 

[0036] The aforementioned operations are sequentially repeated for the read TFTS 33 connected to the second 
and subsequent fines to read a single image. 
10 [0037] That is, each read TFT is driven to be turned on once during a vertical scan period, while the adjustment 
TFT is driven to be turned on once during a horizontal scan period. 

[0038] As described above, according to the first embodiment, since the adjustment TFTs 61 and the read TFTs 33 
of the respective pixels operate 180° out of phase with each other, their offset voltage cancel each other. As a result, 
an offset voltage produced upon switching can be practically reduced. Therefore, upon detecting a weak signal in, e.g., 
rs fluoroscopy, since a signal can be sufficiently amplified without wasting the dynamic range of each integrating circuit 23, 
the S/N ratio also improves. In addition, since the conventional manufacturing technique can be used in array design, 
the detector can be easily manufactured without adding any new processes. 

Second Embodiment 

20 

[0039] FIG. 8 is a timing chart for explaining the operation of a radiation detector according to the second embodi- 
ment. The second embodiment is different from the aforementioned first embodiment in that two vertical select lines 5 
are simultaneously turned on to simultaneously read signal charges from a pair of neighboring pixels 3 in the column 
direction. 

25 [0040] In the second embodiment, since two vertical select lines 5 are simultaneously turned on, the difference 
between a gate ON voltage Von • subl and gate OFF voltage Voff • subl applied to the gate of each adjustment TFT 33 
is set to be twice that between the gate ON voltage Von • sub and gate OFF voltage Voff • sub used in the first embod- 
iment, as shown in FIG. 8. That is, the difference between the gate ON voltage Von»sub1 and gate OFF voltage 
Voff -subl is: 

30 

AVon • subl - Voff • subl = 2 (Von • sub - Voff • sub) (7) 

[0041] As described above, according to the second embodiment, substantially the same effect as in the first 
embodiment described above can be obtained. In addition, a horizontal scan can be done faster. Third Embodiment 
35 [0042] FIG. 9 is a circuit diagram of a radiation detector according to the third embodiment of the present invention, 
and FIG. 10 is a timing chart for explaining the operation of the radiation detector shown in FIG. 9. 
[0043] Unlike the first embodiment, a characteristic feature of the third embodiment lies in that two dummy pixels 9 
are connected to each of a plurality of signal lines 4. 

[0044] As shown in FIG. 9, the radiation detector of the third embodiment comprises an X-ray detection section 1 A 
40 and read circuit section 2A. The X-ray detection section 1 A has a plurality of pixels 3, a plurality of signal lines 4, a plu- 
rality of vertical select lines 5, adjustment block 6A, and adjustment block control lines 7 for controlling the adjustment 
block 6A. 

[0045] Each pixel 3 has a photoelectric conversion element 31 , capacitor 32, and read TFT 33. 
[0046] The adjustment block 6A has a plurality of dummy pixels 9. Two dummy pixels 9 are connected to each sig- 
45 nal line 4. More specifically, two lines of adjustment TFTs 61 are connected parallel to each other, and the adjustment 
block control lines 7 are connected to the adjustment TFTS 61 of these lines. 

[0047] The read circuit section 2A has a gate driver 21 A, gate driver 22A, integrating circuits 23 each having an 
integrating amplifier 23a and integrating capacitor 23b, multiplexer 24, and controller 25A. 
[0048] The operation of this radiation detector will be explained below. 

50 [0049] As shown in FIG. 1 0, the gate driver 21 A supplies control signals a5 (a6, a7, a8) to the read TFTs 33 con- 
nected to the first to fourth lines via the vertical select lines 5 to sequentially turn them on/off, and the gate driver 22A 
supplies control signals b2 (b3) to the adjustment TFTs 61 connected to the respective lines via the adjustment block 
control lines 7 to turn on/off the adjustment TFTs 61 in correspondence with the ON/OFF states of the read TFTs 33. 
[0050] Under the control of the controller 25A, the gate driver 22A sets OFF voltages as the control signals b2 and 

55 b3 to be sent on the two adjustment block control lines 7, and at substantially the same time, the gate driver 21 A sets 
ON voltages as the control signals a5 and a6 to be sent on two, e.g., first and second, vertical select lines 5. 
[0051 ] After an elapse of a predetermined read time, the gate driver 21 A switches the control signals a5 and a6 to 
OFF voltages, the gate driver 22A switches the control signals b2 and b3 to ON voltage at substantially the same time, 
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and the controller 25A resets the integrating circuits 23, 

[0052] As a result, charges stored in the capacitors 32 in the pixels with ON read TFTs 33 are supplied onto the 
signal lines 4 via the read TFTs 33, and are read by the integrating circuits 23. 

[0053] During the next horizontal scan period, the gate driver 22A switches the control signals b2 and b3 to OFF 
5 voltages again, and the gate driver 21 A switches the control signals a7 and a8 to be sent on two, i.e., third and fourth, 
vertical select lines 5 to ON voltages, thereby reading signals of these lines. By repeating the aforementioned opera- 
tions, one image is read. 

[0054] In the third embodiment, as in the first embodiment described above, when the capacitances Cgs and Cgs * 
sub of the capacitors 91 and 92 are equal to each other, the gate ON voltage Von and gate OFF voltage Voff to be 
10 applied to the gate of each read TFT 33 respectively become equal to the gate ON voltage Von • sub and gate OFF volt- 
age Voff • sub to be applied to the gate of each adjustment TFT 61 . Or these sets of gate ON and OFF voltages have 
equal differences. 

[0055] As described above, according to the third embodiment, substantially the same effect as in the first embod- 
iment described above can be obtained. Also, since signals are simultaneously read from two lines, a faster scan can 
is be achieved. 

Fourth Embodiment 

[0056] FIG. 11 is a timing chart for explaining the operation of a radiation detector according to the fourth embodi- 
20 ment of the present invention. The fourth embodiment is different from the third embodiment mentioned above in that a 
vertical select line to be driven is selected one by one. 

[0057] Since other arrangements are substantially the same as those of the third embodiment, a detailed descrip- 
tion thereof will be omitted. 

[0058] The operation of this flat x-ray solid-state detector will be described below. 
25 [0059] As shown in FIG. 1 1 , the gate driver 21 A supplies control signals a9 (a1 0, a1 1 , a1 2) to the read TFTs 33 
connected to the first to fourth lines via corresponding vertical select lines 5 to sequentially turn them on/off, and the 
gate driver 22A supplies control signals b4 (b5) to the adjustment TFTs 61 of the respective lines via the adjustment 
block control lines 7 to turn on/off the adjustment TFTs 61 in correspondence with the ON/OFF states of the read TFTs 
33. 

30 [0060] Under the control of the controller 25 A, the gate driver 22A sets an OFF voltage as the control signal b4 to 
be sent on the first adjustment block control line 7 and, at substantially the same time, the gate driver 21 A sets an ON 
voltage as the control signal a9 to be sent on, e.g., the first vertical select line 5. 

[0061] After an elapse of a predetermined read time, the gate driver 21 A switches the control signal a9 to an OFF 
voltage, the gate driver 22A switches the control signal b4 to an ON voltage at substantially the same time, and the con- 
35 trailer 25A resets the integrating circuits 23. 

[0062] As a result, charges stored in the capacitors 32 in the pixels with ON read TFTs 33 are supplied onto the 
signal lines 4 via the read TFTs 33, and are read by the integrating circuits 23. Note that the control signal b5 is main- 
tained as an ON voltage during this period. 

[0063] During the next horizontal scan period, the gate driver 22 maintains the control signal b4 as an OFF voltage 
40 and switches the control signal b5 to an OFF voltage in turn and, at substantially the same time, the gate driver 21 A 
switches the control signal a1 0 to be sent on the second vertical select line 5 to an ON voltage, thus reading signals of 
this line. 

[0064] After that, the control signal b4 is switched to an OFF voltage and the control signal all to be sent on the third 
vertical select line 5 are switched to an ON voltage to read charges from the pixels of that line. Also, the control signal 
45 b5 is switched to an OFF voltage and the control signal a12 to be sent on the fourth vertical select line 5 are switched 
to an ON voltage to read charges from the pixels of that line. 

[0065] In this manner, the gate driver 22A alternately switches the control signals b4 and b5 to OFF voltages in cor- 
respondence with the charge read timings from the pixels of the individual lines. By repeating the aforementioned oper- 
ations, one image is read. 

so [0066] When a single adjustment TFT 61 is driven, the time required between the ON and OFF timings of the 
adjustment TFT 61 is several usee, while the driving method of the fourth embodiment shown in FIG. 1 1 requires sev- 
eral ten usee. 

[0067] As described above, according to the fourth embodiment, substantially the same effect as in the first embod- 
iment described above can be obtained. In addition, since a sufficiently long time can be assured between the ON and 
55 OFF timings of the adjustment TFTs 61 connected to one line, more stable operation can be assured. 
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Fifth Embodiment 

[0068] FIG. 1 2 is a timing chart for explaining the operation of a radiation detector according to the fifth embodiment 
of the present invention. The fifth embodiment is different from the aforementioned fourth embodiment in that the OFF 
5 period of the adjustment TFTs 61 of one line is set to include the read time of the read TFTs 33 for two fines, and the 
adjustment TFTs 61 of the two lines are alternately turned on/off. Since other arrangements are the same as those in 
the fourth embodiment, a detailed description thereof will be omitted. 

[0069] The operation of this radiation detector will be explained below. As shown in FIG. 12, the gate driver 21 A 
supplies control signals a1 3 (a1 4, a1 5, a1 6) to the read TFTs 33 connected to the first to fourth lines via corresponding 
w vertical select lines 5 to sequentially turn them on/off, and the gate driver 22A supplies control signals b6 (b7) to the 
adjustment TFTs 61 of the respective lines via the adjustment block control lines 7 to turn on/off the adjustment TFTs 
61 in correspondence with the ON/OFF states of the read TFTs 33. 

[0070] Under the control of the controller 25A, the gate driver 22A sets an OFF voltage as the control signal b6 to 
be sent on the first adjustment block control line 7 and, at substantially the same time, the gate driver 21 A sets an ON 

is voltage as the control signal a1 3 to be sent on, e.g., the first vertical select line 5. 

[0071 ] After an elapse of a predetermined read time, the gate driver 21 A switches the control signal a1 3 to an OFF 
voltage, the gate driver 22A maintains the control signal b6 to be the OFF voltage and switches the control signal b7 to 
an ON voltage at substantially the same time, and the controller 25A resets the integrating circuits 23. 
[0072] As a consequence, charges stored in the capacitors 32 in the pixels with ON read TFTs 33 are supplied onto 

20 the signal lines 4 via the read TFTs 33, and are read by the integrating circuits 23. 

[0073] During the next horizontal scan period, the gate driver 22A maintains the control signal b6 to be the OFF 
voltage and switches the control signal b7 to an OFF voltage and, at substantially the same time, the gate driver 21 A 
switches the control signal a14 to be sent on the second vertical select line 5 to an ON voltage, thus reading signals of 
this line. 

25 [0074] Next, the gate driver 22A maintains the control signal b7 to be the OFF voltage and switches the control sig- 
nal b6 to an OFF vortage and, at substantially the same time, the gate driver 21 A switches the control signal a15 to be 
sent on the third vertical select line 5 to an ON vortage, thus reading signals of this line. 

[0075] After that, the gate driver 22A maintains the control signal b6 to be the OFF vortage and switches the control 
signal b7 to an OFF vortage and, at substantially the same time, the gate driver 21 A switches the control signal a1 6 to 
30 be sent on the fourth vertical select line 5 to an ON voltage, thus reading signals of this line. 

[0076] In this way, the gate driver 22A alternately sets OFF voltages as the control signals b6 and b7 in correspond- 
ence with the charge read timings of the pixels connected to the respective lines. By repeating the aforementioned 
operations, one image is read. 

[0077] As described above, according to the fifth embodiment, substantially the same effect as in the fourth embod- 
35 iment described above can be obtained. 

[0078] The embodiments of the present invention have been explained in detail, but examples of the arrangement 
are not limited to those embodiments. For example, in the above embodiments, selenium is used as each photoelectric 
conversion element, but a combination of sensitized paper and a photodiode may be used. 

[0079] In the first embodiment, the capacitances Cgs and Cgs • sub of the capacitors 91 and 92 are equal to each 
40 other. When the capacitances Cgs and Cgs • sub are different, the gate ON vortage Von • sub and gate OFF vortage 
Voff • sub are determined to satisfy: 

Cgs (Von - Voff) = Cgs • sub (Von • sub - Voff • sub) (8) 

45 [0080] In the first embodiment, a capacitor 62 is connected to each adjustment TFT 61 , as shown in FIGS. 1 and 
13A. Alternatively, as shown in FIG. 13B, one terminal of the adjustment TFT 61 may be connected to ground. As 
shown in FIG. 1 3C, one terminal of the adjustment TFT 61 may be maintained at a constant potential. Furthermore, as 
shown in FIG. 13D, one terminal of the adjustment TFT 61 may be open. 

[0081] When one terminal of the adjustment TFT 61 is connected to ground, as shown in FIG. 13B, since charge 
so input/output occurs if a potential difference is present in the source-to-drain path of the adjustment TFT 61 due to some 
cause, precaution against generation of noise must be exercised. When one terminal of the adjustment TFT 61 is con- 
nected to a constant potential, as shown in FIG. 13C, precaution against generation of leakage current due to a poten- 
tial difference in the source-to-drain path of the adjustment TFT 61 must be exercised. Furthermore, when one terminal 
of the adjustment TFT 61 is open, as shown in FIG. 13D, precaution against any potential difference in the source-to- 
55 drain path of the adjustment TFT, which is produced due to the influence of Cgs on the non-connected side must be 
exercised. 

[0082] In the second embodiment, the detector is driven to simultaneously turn on two vertical select lines 5 to read 
two pixels at the same time. Alternatively, three or more (n) vertical select lines 5 may be turned on at the same time to 
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read n pixels simultaneously. 

[0083] In general, when n vertical select lines 5 are simultaneously turned on to read n pixels at the same time, a 
difference Von • sub2 - Voff • sub2 between a gate ON voltage Von • sub2 and gate OFF voltage Voff • sub2 is: 

s AVon • sub2 - Voff • sub2 = n (Von • sub - Voff • sub) (9) 

[0084] In the third embodiment, the detector is driven to simultaneously turn on two vertical select lines to read two 
pixels at the same time. Alternatively, the detector may be driven to simultaneously turn on n vertical select lines. In this 
case, voltages are applied so that the difference between the gate ON and OFF voltages applied to the gate of each 
w adjustment TFT becomes n times. 

[0085] In the third embodiment, when the capacitances Cgs and Cgs • sub of the capacitors 91 and 92 are different, 
the influence of offset voltages produced upon switching of the read TFTs 32 is minimized by adjusting the gate ON volt- 
age Von and gate OFF voltage Voff to be supplied to the gate of each adjustment TFT 61 . 

[0086] In the fourth embodiment, the adjustment TFTs of two lines are alternately turned on/off to select the vertical 
is select lines one by one. Alternatively, of the adjustment TFTs of the two lines, the adjustment block control line 7 con- 
nected to the gates of the adjustment TFTs connected to one line may be kept OFF, and the adjustment TFTs of the 
other line may be driven in the same manner as in the first embodiment, thereby selecting the vertical select lines one 
by one. 

[0087] In the fourth embodiment, a terminal of each adjustment TFT 61 , which is opposite to the signal line 4, is 
20 connected to the capacitor, but may be open (see FIG. 13D). 

[0088] In the fifth embodiment the adjustment TFT 61 may be connected to ground or a constant potential, or may 
be open without connecting anything), in place of the capacitor as in the first embodiment (see FIGS. 13A to 13D). 

Sixth Embodiment 

25 

[0089] As shown in FIG. 1 4, in the first to fifth embodiments, an array of a plurality of pixels 3 and a dummy pixel 9 
is designed to form one section. By contrast, in the sixth embodiment, an array of a plurality of pixels 3 and dummy pixel 
9 is designed to form a plurality of sections. 

[0090] As shown in FIGS. 15 to 1 9, two or four sections are formed. Depending on the size of the detection field, 
30 signals may be read from the two, up and down directions, or the vertical select lines may be driven from the two, right 
and left directions. Since signals on the vertical select lines 5 suffer differences in the way they become blunt in units of 
sections, the adjustment block control lines 7 must be independently controlled in units of sections. Also, a plurality of 
adjustment controllers may be connected to a single signal line 4. 

[0091 ] The dummy pixel (adjustment block) 9 which is similar to a normal pixel is connected to the adjustment block 
35 control line 7. A characteristic feature of the dummy pixel 9 is that it does not store any signal charge. When any signal 
charge is stored in this dummy pixel 9, an offset of the TFT in each pixel 3 cannot be normally canceled. For this reason, 
the dummy pixel 9 has no photoelectric conversion element or a photoelectric conversion element is not connected to 
the TFT if it has a photoelectric conversion element. Also, the adjustment TFT preferably has the same structure as the 
read TFT, and a structure in which capacitances that are involved in generation of charge injection as a cause of an off- 
40 set, i.e., the capacitance between the signal line 4 and vertical select line 5 and the capacitance between the signal line 

4 and adjustment block control line 7 are equal to each other (FIGS. 20A to 20D). As for the pixel capacitance of the 
dummy pixel 9, some choices are available: the TFT of the dummy pixel has a pixel capacitance; the TFT is connected 
to a constant potential; the TFT has an open terminal; and so forth (FIG. 20D). 

[0092] Also, the signals on the vertical select lines 5 and those on the adjustment block control lines 7 in the ind'h 
45 vidual sections must be adjusted. This adjustment is implemented by controlling the ON/OFF switching timing, time 
constant, amplitude, and voltage value. Ideally, the time constants and timings of the signals on the vertical select lines 

5 and adjustment block control lines 7 should match, but it is difficult to match them perfectly. Also, correction must be 
done in units of signals on a plurality of vertical select lines 5 and at least one adjustment block control line 7, and it is 
hard to match the timing and time constant with those of signals on all the vertical select lines 6 using a predetermined 

so adjustment block control line 7, in consideration of variations of the vertical select lines 5. In practice, the signals need 
only be adjusted not to be saturated in the subsequent circuits such as integrating circuits and the like. In this case, the 
output value of each integrating circuit has a peak in a transient state, and the signals need only be adjusted so that the 
peak does not reach saturation. 

[0093] The amplitude of the signal on each adjustment block control line 7 varies depending on the number of ver- 
55 tical select lines 5 to be turned on at the same time, and the associated capacitance. The associated capacitance is 
that between the vertical select line 5 and signal line 4. Let Cgs be this capacitance, Cgs • sub be the capacitance 
between the adjustment block control line 7 and signal line 4, Von and Voff be the ON and OFF voltages of the vertical 
select line 5, and Von • sub and Voff • sub be the ON and OFF voltages of the adjustment block control line 7. Ideally 
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then, if Von • sub and Voff • sub are selected to satisfy: 

(Von • sub - Voff • sub) x Cgs • sub = (Von - Voff) x Cgs 

5 an offset across each vertical select line 5 can be canceled. 

[0094] When S (S is a natural number) vertical select lines 5 are simultaneously turned on, and an offset is can- 
celed using T (T is a natural number) adjustment control lines 7, Von • sub and Voff • sub can be selected to satisfy: 

T x (Von • sub - Voff • sub) x Cgs • sub = S x (Von - Voff) x Cgs 

w 

Seventh Embodiment 

[0095] If no signal is stored in a given pixel 3, the integrating circuit generates nearly zero output When a signal 
charge is stored in only one direction, and the integrating circuit can generate both positive and negative outputs, nearly 
15 half the range is used, i.e., the dynamic range is wasted. Hence, the ON and OFF voltages of the adjustment block con- 
trol line 7 are adjusted to generate a charge having a polarity opposite to that of a signal charge, thus fully utilizing the 
dynamic range of the integrating circuit (FIG. 22). 

[0096] For example, when offset adjustment of the integrating circuit is to be done, the ON and OFF voltages Von • 
sub, Voff • sub of the adjustment block control line 7 are shifted to Von • sub', Voff • sub' on the basis of shifting voltage 
20 AVon* off -sub. 

AVon • sub' - Voff • sub' = AVon • sub - Voff • sub + AVon • off • sub 

The shifting voltage AVon • off • sub is set on the basis of the capacitance Cint of the integrating circuit, the offset voltage 
25 AV, and the Cgs • sub. 

AV x Cint = AVon • off • sub x Cgs sub 

Eighth Embodiment 

30 

[0097] Note that the amplitude can be determined by the above relation. However, as for the ON/OFF voltage val- 
ues of the adjustment block control line 7, even the ON voltage can be set to be sufficiently small so that the adjustment 
control TFT can always operate in the OFF region (a region with a small leakage current: AV better in FIG. 23). With 
this control, the influence of the interior of the dummy pixel 9 connected to the adjustment block control line 7 can be 
35 minimized. 

Ninth Embodiment 

[0098] In fact, since the TFTs connected to each vertical select line 5 suffer variations, the gate driver that applies 
ao signals to the vertical select lines 5 suffers variations, or the distances from the pixels to the integrating circuits are dif- 
ferent, the offset cannot often be satisfactorily corrected by the adjustment block control line 7 that is simply repetitively 
turned on/off. In such case, when the voltage of the adjustment control line 7 is adjusted in units of vertical select lines, 
slight variations can also be corrected. For this purpose, as shown in FIGS. 24 and 25, a memory 26 for holding driving 
information (time constants, timings) of the adjustment block control line 7 in units of vertical select lines 5 is provided, 
45 and voltages corresponding to the stored information must be generated under the control of the controller 25. 

[0099] In all the embodiments described above, the output waveform is sampled to extract signal components from 
the output of each integrating circuit. As the sampling method, the following two methods are available. 
[0100] In one method, the output waveform is sampled at two timings, i.e., a timing (S/HO) immediately before the 
read TFT is turned on and a timing (S/H1) immediately before the read TFT is turned off, and their difference is output. 
so In this case, a sufficiently long signal transfer time from each pixel can be assured, but the signal may contain variations 
of charge injection due to each read TFT. 

[0101 ] In the other method, the output waveform is sampled at two timings, i.e., a timing (S/HO) immediately before 
the read TFT is turned on, and a timing (S/H2) after the read TFT is turned off, and their difference is output (as a sig- 
nal), as shown in FIG. 26. In this method, the signal charge transfer time from each pixel becomes short, but since 
55 ON/OFF operations of the read TFT are included, charge injection by the read TFT is canceled by its own ON/OFF 
operations, thus canceling variations of the individual read TFTs. 

[0102] However, when the integrating capacitor of each integrating circuit is small, the signal is saturated when the 
read TFT is turned on. Saturation caused by charge injection can be avoided by driving the adjustment TFT. That is, 
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temporal saturation can be canceled by those of the vertical select lines 5 and adjustment block control line 7, and var- 
iations due to individual differences can be canceled by charge injections of the read and adjustment TFTs by respec- 
tively turning on/off those TFTs. In this manner, any in-plane distribution can be suppressed. 

5 10th Embodiment 

[0103] As shown in FIGS. 27A and 27B, when one section includes a plurality of adjustment block control lines 7, 
if some of (not all) those adjustment block control lines 7 include any defective pixels and defective lines, such control 
lines 7 are not used, and the remaining adjustment block control lines 7 compensate for imperfect canceling of charge 

io injection. In this case, to generate charges for the defective line, the amplitudes of the adjustment block control lines 7 
used are amplified. If an adjustment block control line 7 including some defective pixel is used, the signal line 4 corre- 
sponding to the defective pixel is not normally corrected, and appears as a defective line in an image. That is, by inhib- 
iting such defective adjustment block control line 7 from being used, the influence on the image can be minimized. 
[0104] As a method of preventing saturation due to charge injection without using the adjustment block control line 

is 7, a method of canceling charge injection by directly inputting a charge to the input terminal of the integrating circuit is 
available. As an example of this method, one terminal of a capacitor is connected to the input terminal of the integrating 
circuit, and the voltage at the other terminal of the capacitor is changed, thereby inputting a charge. As a method of 
changing the voltage, a method of supplying a constant pulse signal is known. As in the above case, when the timing, 
time constant, and amplitude are changed in units of pixels, more accurate correction can be achieved. In such case, a 

20 memory for saving pixel information and a driver for generating signals in accordance with saved information are 
required. 

Modification 1 

25 [0105] As shown in FIGS. 28A, 28B, and 28C, when a differential amplifier is used in each integrating circuit, a 
capacitance is connected to the input terminal different from the signal input, thus obtaining the same effect as 
described above. 

Modification 2 

30 

[0106] All the aforementioned radiation detectors can be applied to a radiation diagnosis apparatus, e.g., an X-ray 
diagnosis apparatus. FIG. 29 shows the arrangement of an X-ray diagnosis apparatus to which the radiation detector 
is applied. A radiation detector 301 is disposed on a side opposite to an X-ray generation source 303 for generating X- 
rays to sandwich a bed 302 on which a patient lies down therebetween. The X-ray generation source 303 and radiation 

35 detector 301 are held by a C-arm stand 310 to be able to arbitrarily change the angle with respect to the patient. The 
angle is controlled by a system control unit 304. The system control unit 304 is connected to the inputting device 309 
to input the fluoroscopy/shot selecting command. The system control unit 304 controls X-ray radiation conditions and 
image acquisition conditions of the detector 301 in accordance with the input command. A display 307 displays images 
acquired by the radiation detector 301, and those processed by an image processing unit 306. An image storing unit 

40 308 stores images acquired by the radiation detector 301 , and those processed by the image processing unit 306. 
[0107] The system control unit 304 supplies a control signal for synchronizing the X-ray generation sequence of the 
X-ray generation source 303 with the image acquisition sequence of the radiation detector 301 to the X-ray generation 
source 303 and radiation detector 301. Also, the system control unit 304 selects the relationship between the driving 
speed and resolution in accordance with the input fluoroscopy/shot selecting command, and supplies control signals for 

45 setting the number of vertical select lines 5 to be simultaneously turned on, the number of control lines 7 to be simulta- 
neously turned on, the driving voltage of each vertical select line 5, and that of each control line 7 to the controller 22 
of the radiation detector 301 . The number of vertical select lines 5 simultaneously turned on, the number of control lines 
7 simultaneously turned on, the driving voltage of each vertical select line 5, and the driving voltage of each control line 
7 may be input by the input device 309. These control signals can be either signals for directly determining the voltages 

so and the numbers of lines to be driven, and signals for indirectly determining them by selecting a driving mode of the 
detector 301 . Note that the indirect control signals are converted into direct signals by the controller 25 in the detector 
301. 

[01 08] In this manner, optimal offset cancel functions in units of various driving modes can be provided to the detec- 
tor 301 , and images that the operator wants can be acquired. 

55 

Claims 

1 . A radiation detector characterized by comprising: 
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charge conversion elements (31) configured to convert incoming radiation into charges; 

capacitors (32) configured to store converted charges; 

charge read elements (33) configured to read the stored charges; and 

adjustment means (6), configured to cancel signals other than signals originated to the charges stored in said 
5 capacitors to adjust signals read from said capacitors via said charge read elements. 

2. A detector according to claim 1 , characterized in that said adjustment means cancel charges other than the 
charges stored in said capacitors. 

w 3. A detector according to claim 1 , characterized in that said adjustment means is formed on the same circuit board 
as said charge read elements. 

4. A detector according to claim 1 , characterized in that said charge read elements are switching elements. 

is 5. A detector according to claim 1 , characterized in that said charge read elements are thin-film transistors. 

6. A detector according to claim 1 , characterized in that said adjustment means has elements formed by same proc- 
esses as said charge read elements. 

20 7. A detector according to claim 1 , characterized in that said adjustment means comprises diodes or capacitors. 

8. A radiation detector characterized by comprising: 

charge conversion elements (31) configured to convert incoming radiation into charges; 
25 capacitors (32) configured to store converted charges; 

charge read elements (33) configured to read the stored charges; and 

adjustment means (6), configured to cancel charges produced due to ON/OFF status changes of said charge 
read elements, for adjusting signals read from said capacitors via said charge read elements. 

30 9. A detector according to claim 8, characterized in that said adjustment means is formed on the same circuit board 
as said charge read elements. 

10. A detector according to claim 8, characterized in that said charge read elements are thin-film transistors. 

35 1 1 . A radiation detector characterized by comprising: 

charge conversion elements (31) configured to convert incoming radiation into charges; 
capacitors (32) configured to store converted charges; 
charge read elements (33) configured to read the stored charges; and 
40 adjustment means (6), electrically disconnected from said charge read elements during a period in which the 

charges are read from said capacitors via said charge read elements, and electrically connected to said charge 
read elements during a period other than the period, for adjusting signals read from said capacitors via said 
charge read elements. 

45 1 2. A detector according to claim 1 1 , 

characterized in that said adjustment means is formed on the same circuit board as said charge read elements. 

13. A detector according to claim 1 1 , 

characterized in that said charge read elements are thin-film transistors. 

50 

14. A radiation detector characterized by comprising: 

charge conversion elements (31) configured to convert incoming radiation into charges; 
capacitors (32) configured to store converted charges; 
55 charge read elements (33) configured to read the stored charges; 

integrating circuits (23) configured to integrate the charges read via said charge read elements; and 
adjustment means (6), electrically disconnected from said charge read elements and said integrating circuits 
during a period in which the charges are read out, and electrically connected to said charge read elements and 
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said integrating circuits during a period other than the period, for adjusting signals read out to said integrating 
circuits. 

15. A detector according to claim 1 4, 

5 characterized in that said adjustment means is inserted between said charge read elements and said integrating 

circuits. 

16. A radiation detector characterized by comprising: 

w charge conversion elements (31 ) configured to convert incoming radiation into charges; 

capacitors (32) configured to store converted charges; 
read switching elements (33) configured to read the stored charges; 
integrating circuits (23) configured to integrate the read charges; 

adjustment switching elements (61) configured to adjust signals read from said capacitors to said integrating 
is circuits via said read switching elements; 

a driver (21 , 22) for driving said read switching elements and said adjustment switching elements; and 

a controller (25) for controlling said driver to operate said read switching elements 1 80° out of phase with said 

adjustment switching elements. 

20 17. A detector according to claim 16, characterized in that said adjustment means is inserted between said charge 
read elements and said integrating circuits. 

1 8. A detector according to claim 1 6, 

characterized in that said read switching elements and said adjustment switching elements are respectively thin- 
25 film transistors. 

19. A detector according to claim 16, characterized in that said controller supplies a reset signal to said integrating cir- 
cuits during a period other than a period including an OFF period of said adjustment switching elements. 

30 20. A detector according to claim 1 6, 

characterized in that each of said adjustment switching elements has a charge non-storage structure on a side 
opposite to said integrating circuits. 

21. A detector according to claim 1 6, 

35 characterized in that a terminal of each of said adjustment switching elements on a side opposite to said integrating 
circuits is set at a predetermined potential. 

22. A detector according to claim 1 6, 

characterized in that a terminal of each of said adjustment switching elements on a side opposite to said integrating 
40 circuits is connected to ground. 

23. A detector according to claim 16, 

characterized in that a terminal of each of said adjustment switching elements on a side opposite to said integrating 
circuits is connected to a capacitive element 

45 

24. A detector according to claim 1 6, 

characterized in that a capacitance between each of signal lines that connect said capacitors to said integrating cir- 
cuits and a control line that turns on/off said adjustment switching elements is substantially equivalent to a capac- 
itance between each of the signal lines, and each of vertical select lines that turn on/off said read switching 
so elements. 

25. A detector according to claim 16, 

characterized in that said charge conversion elements, said capacitors, and said read switching elements are dis- 
posed at intersections between a plurality of signal lines and a plurality of vertical select lines, at least one adjust- 
55 ment switching element is connected to each of the signal lines, and said adjustment switching elements are 
commonly connected to at least one control line. 

26. A detector according to claim 1 6, 



12 



EP 1 067 606 A2 



characterized in that said photoelectric conversion elements, said capacitors, and said read switching elements are 
disposed at intersections between a plurality of first signal lines and a plurality of first vertical select lines in a first 
section and are disposed at intersections between a plurality of second signal lines and a plurality of vertical select 
fines in a second section which neighbors the first section in a vertical direction, at least one adjustment switching 
5 element is connected to each of the first and second signal lines, and said adjustment switching elements are com- 

monly connected to a first control line in the first section, and are commonly connected to a second control line in 
the second section. 

27. A detector according to claim 1 6, 

10 characterized in that said charge conversion elements, said capacitors, and said read switching elements are dis- 
posed at intersections between a plurality of first signal lines and a plurality of first vertical select lines in a first sec- 
tion and are disposed at intersections between a plurality of second signal lines and a plurality of vertical select 
fines in a second section which neighbors the first section in a horizontal direction, at least one adjustment switch- 
ing element is connected to each of the first and second signal fines, and said adjustment switching elements are 

is commonly connected to a first control line in the first section, and are commonly connected to a second control line 
in the second section. 

28. A detector according to claim 1 6, 

characterized in that said photoelectric conversion elements, said capacitors, and said read switching elements are 
20 disposed at intersections between a plurality of signal fines and a plurality of vertical select lines, a predetermined 
number of (not less than 2) adjustment switching elements are connected to each of the signal lines, and said 
adjustment switching elements are commonly connected to control lines in units of the predetermined number of 
elements. 

25 29. A detector according to claim 28, 

characterized in that said controller individually adjusts applied voltages of the control lines. 

30. A detector according to claim 28, 

characterized in that said control unit sets the number of control lines to which voltages are applied at the same 
30 time to be equal to the number of vertical select lines to which voltages are applied at the same time. 

31 . A detector according to claim 28, 

characterized in that said controller individually adjusts voltage application timings and/or transient responses of 
the vertical select fines and the control lines. 

35 

32. A detector according to claim 28, 

characterized in that said controller changes a voltage application timing of and/or a transient response each con- 
trol line in accordance with voltage application timings of the respective vertical select lines. 

40 33. A detector according to claim 28, 

characterized in that said controller sets ON and OFF voltages for said read switching elements and said adjust- 
ment switching elements in units of elements. 

34. A detector according to claim 28, 

45 characterized in that said controller changes applied voltages of the control lines in accordance with the respective 
vertical select lines. 

35. A detector according to claim 28, 

characterized in that said controller selects applied voltages of the control lines from a voltage range in which said 
so adjustment switching elements are OFF. 

36. A detector according to claim 28, 

characterized in that said controller controls ON and OFF voltages of said read switching elements and the number 
of control lines to be driven at the same time to make a product of a difference between the ON and OFF voltages 
55 of the read switching element and a capacitance formed between the corresponding signal line and vertical select 
fine to be substantially equivalent to a product of the difference between the ON and OFF voltages of the read 
switching element and a capacitance formed between the corresponding signal line and control line. 
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37. A detector according to claim 28, 

characterized in that a capacitance formed between each of the signal lines and each of the vertical select lines is 
substantially equal to a capacitance formed between each of the signal lines and each of the control lines, and said 
controller controls ON and OFF voltages of said read switching elements and ON and OFF voltages of said adjust- 
ment switching elements to make a product of a difference between the ON and OFF voltages of the read switching 
element and the number of vertical select lines to which voltages are applied at the same time to be substantially 
equivalent to a product of a difference between the ON and OFF voltages of the adjustment switching element and 
the number of control lines to which voltages are applied at the same time, upon turning on/off said read switching 
elements and said adjustment switching elements. 

38. A radiation detector characterized by comprising: 

charge conversion elements (31) configured to convert incoming radiation into charges; 

capacitors (32) configured to store converted charges; 

read switching elements (33) configured to read the stored charges; 

integrating circuits (23) configured to integrate the read charges; 

adjustment switching elements (61) configured to adjust signals read from said capacitors to said integrating 
circuits via said read switching elements; 

a driver (21 , 22) for driving said read switching elements and said adjustment switching elements; and 

a controller (25) for controlling said driver to operate said read switching elements 1 80° out of phase with said 

adjustment switching elements, 

wherein said controller sets a difference between ON and OFF voltages of said adjustment switching elements 
to be larger than a difference between ON and OFF voltages of said read switching elements. 

39. A detector according to claim 38, 

characterized in that the difference between ON and OFF voltages of said adjustment switching elements is sub- 
stantially equal to a voltage range that said integrating circuits can output 

40. A detector according to claim 38, 

characterized in that the difference between ON and OFF voltages of said adjustment switching elements is shifted 
in accordance with 

Von • sub' - Voff • sub = Von • sub - Voff • sub + AVon • off • sub 

wherein 

Von • sub is the ON voltage, 
Voff • sub is the OFF voltage, 
Von • sub' is a shifted ON voltage, 
Voff • sub' is a shifted OFF voltage, 
Von • off • sub is a shifting voltage, 

and the shifting voltage AVon * off • sub is set in accordance with 

AV x Cint = AVon ♦ off • sub x Cgs sub 

wherein Cint is a capacitance of said integrating circuit, 

AV is a offset voltage, 

Cgs sub is a capacitance between control lines for said adjustment switching elements and signal lines. 

41. A detector according to claim 28, 

characterized in that said controller compensates for a defect of a given adjustment switching element using other 
adjustment switching elements connected to the same signal line as the defective adjustment switching element. 

42. A detector according to claim 1 6, 

characterized in that an output from each of said integrating circuits is sampled twice, once immediately before said 
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reading switching elements are turned on and once immediately before said reading switching elements are turned 
off. 

43. A detector according to claim 1 6, 

5 characterized in that an output from each of said integrating circuits is sampled twice, once immediately before said 

reading switching elements are turned on and once immediately after said reading switching elements are turned 
off. 

44. A radiation detector characterized by comprising: 

w 

charge conversion elements (31) configured to convert incoming radiation into charges; 
capacitors (32) configured to store converted charges; 
charge read elements (33) configured to read the stored charges; 
integrating circuits (23) configured to integrate the read charges; 
is offset adjustment capacitors (23b) connected parallel to said integrating circuits; and 

read control means (25) connected to said offset adjustment capacitors and configured to supply an arbitrary 
voltage and transient characteristic. 

45. A detector according to claim 44, 

20 characterized in that said read control means has a memory function and transient characteristic control means to 
adjust the transient characteristic of a signal supplied to said offset adjustment capacitors in units of vertical select 
lines. 

46. A detector according to claim 44, 

25 characterized in that said read control means has a memory function and voltage control means to adjust the volt- 
age of a signal supplied to said offset adjustment capacitors in units of vertical select lines. 

47. A radiation diagnosis apparatus which comprises a radiation generation source for emitting radiation toward an 
object to be examined, and a radiation detector which opposes said radiation generation source to sandwich the 

30 object to be examined therebetween, and detects the radiation transmitted through the object to be examined, 

said radiation detector characterized by comprising: 

charge conversion elements (31) which are disposed in a matrix and convert incoming radiation into charges; 
capacitors (32) configured to store converted charges; 
35 charge read elements (33) configured to read the stored charges; and 

adjustment means (6), configured to cancel charges other than the charges stored in said capacitors, for 
adjusting signals read from said capacitors via said charge read elements. 

48. A radiation diagnosis apparatus which comprises a radiation generation source for emitting radiation toward an 
40 object to be examined, and a radiation detector which opposes said radiation generation source to sandwich the 

object to be examined therebetween, and detects the radiation transmitted through the object to be examined an 
image display unit configured to display a medical image on the basis of signals output from said radiation detector, 
and a system control unit configured to control said source, said detector and said image display unit, 

45 said radiation detector characterized by comprising: 

charge conversion elements which are disposed in a matrix and convert incoming radiation into charges; 

capacitors configured to store converted charges; 

charge read elements configured to read the stored charges; and 

adjustment means, configured to cancel charges other than charges stored in said capacitors, 
so said system control unit sending operation control signals to said detector and said image display unit, said 

image display unit displaying the signals output from said detector as the medical image. 

49. An apparatus according to claim 47, 

characterized by further comprising a control unit for synchronizing said radiation generation source and said radi- 
55 ation detector. 

50. An apparatus according to claim 49, 

characterized in that said control unit changes an operation condition of said adjustment means in accordance with 
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an image sensing condition. 

51. A radiation diagnosis apparatus which comprises a radiation generation source for emitting radiation toward an 
object to be examined, and a radiation detector which opposes said radiation generation source to sandwich the 
object to be examined therebetween, and detects the radiation transmitted through the object to be examined, 

said radiation detector characterized by comprising: 

charge conversion elements (31 ) which are disposed in a matrix and convert incoming radiation into charges; 

capacitors (32) configured to store converted charges; 

charge read elements (33) configured to read the stored charges; and 

adjustment means (6), configured to cancel charges produced due to ON/OFF status changes of said charge 
read elements, for adjusting signals read from said capacitors via said charge read elements. 

52. A radiation diagnosis apparatus which comprises a radiation generation source for emitting radiation toward an 
object to be examined, and a radiation detector which opposes said radiation generation source to sandwich the 
object to be examined therebetween, and detects the radiation transmitted through the object to be examined, 

said radiation detector characterized by comprising: 

charge conversion elements (31) which are disposed in a matrix and convert incoming radiation into charges; 

capacitors (32) configured to store converted charges; 

charge read elements (33) configured to read the stored charges; and 

adjustment means (6), electrically disconnected from said charge read elements during a period in which the 
charges are read from said capacitors via said charge read elements, and electrically connected to said charge 
read elements during a period other than the period, for adjusting signals read from said capacitors via said 
charge read elements. 
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